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Basis for the study

Queremos Sol
Å50% renewablegenerationby 2035, 

100% by 2050

Å25% energyefficiencyby 2035

ÅClear publicpolicybasedon:

(1) Efficiency, conservation, demand
management;

(2) Distributedrenewable, 
emphasizingrooftop solar and 
storage;

(3) Acceleratedfossilfuel phaseout;

(4) TransformingPREPA as a public
utility.
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ÅPerformedby expertsin transmission, distribution, and electrical 
resource planning.

Expertise

ÅElectrical system data was provided by PREPA.*

Data

ÅUsed Queremos Sol as basis in consultationwith labor, environmental
and communitygroupsthat supportthe proposal. 

Participation

Howwasthe studyconducted?

Dr. AgustínIrizarry Rivera

3*Although data used was provided by PREPA the model has been independently developed by consultants on behalf of CAMBIO and in 
no way represents any proposal, projection or representation of the Puerto Rico Electric Power Authority



Project objectives

VProvide a detailed economic and technical analysis evaluating a radically different 
energy mix than Puerto Rico has today as proposed in QueremosSol.

VIllustrate a future grid integrating with high levels of distributed energy resources, 
prioritizing rooftop solar and storage, following the QueremosSol proposal.

V9ǾŀƭǳŀǘŜ ǘƻ ƳŜŜǘ twΩǎ renewable, resiliency, reliability, and economic goals.

VUnderstand the operational, transmission, and distribution opportunities and 
challenges associated with DER integration and evaluate possible mitigations.
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Studyconfirmsthat Puerto Rico has viable and 
cost-effectivealternative

ÅResults demonstrate that objectives can be attained 
ensuring:

VAffordability

VServicereliability

VEfficiencyin the use of endogenous, renewableresources

VResiliencyfor homesand businesses. 

5



Scenarios analyze up to 75% renewable energy in 
Puerto Rico by 2035
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25% 
Renewable

50% 
Renewable

75% Ҥ
Renewable

50% 
Resilient Homes*

75% 
Resilient Homes

100% 
Resilient Homes

~1500 MW 
PV & Batteries

~3200 MW 
PV & Batteries

~5000 MW 
PV & Batteries

SCENARIO 1 SCENARIO 2 SCENARIO 3

*Resilient Homes: Defined as homes suitable for rooftop PV (with average size of 2.7 kW and 12.6 kWh of batteries)
ҤRequires distributed photovoltaic (PV) generation and batteries in commercial installations: roofs and parking lots



Generation Analysis

Production Cost 
Modeling in PLEXOS

Quantifies generation 
mix, emissions, costs, 
utilization, curtailment, 
etc. 

Transmission Analysis

Power flow and 
frequency stability 
modeling in PSS/E

Evaluates power flows 
across network, losses, 
frequency and voltage 
stability

Distribution Analysis

Circuit hosting capacity

Distribution upgrade 
requirements

Economic Analysis

Cost of new DER 
(PV and batteries)

Cost of transmission & 
distribution upgrades

Benefits of reduced fuel 
and maintenance costs, 
reliability, and emissions 

Integrated modeling tools provide 
detailed grid simulations

7

PSSE

Hourly dispatch and 
load by location

Grid equivalent at 
load buses



Future DER system would significantly change the 
resource mix on Puerto Rico
ÅSolar additions reach 5,000 MW 

(over 2x peak load!)

ÅBattery buildout ranges from ~5,300 MWh to 
11,400 MWh

ÅDER (Solar + Batteries) become the largest 
component of  the grid in the highest 
scenarios, reaching over 70% of installed 
capacity

ÅFossil steam turbine fleet (oil and coal-fired) 
is significantly reduced via retirements
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Case Units Retired
Incremental 

Capacity (MW)

Cumulative 

Capacity (MW)

Base Case Not Applicable 0 0

25% DER AES 1 & 2 and Palo Seco Steam 3 & 4 886 886

50% DER Aguirre Steam 1 & 2 900 1,786

75% DER Aguirre CC 1 & 2 520 2,306



tǳŜǊǘƻ wƛŎƻΩǎ DŜƴŜǊŀǘƛƻƴ aƛȄ ƛƴ ŀ IƛƎƘ 59w CǳǘǳǊŜ
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V Curtailment is limited to no less than 1% in all scenarios evaluated!
V Most displacement is from the ST Coal fleet (25% DER), and the ST Oil fleet (50 -75% DER)
V Combined cycle fleet (LNG & oil-fired) continue to support the grid, although use is considerably 

reduced.



DER reduces flows across the transmission system

10

V DER is located directly at the loads, reducing the need for power to flow from South to North
V Reduces the total amount of energy that flows across the transmission network
V Leads to increased reliability, resiliency, and avoided transmission losses
V Ponce ES experiences a dramatic drop in exports with the retirement of the AES coal plant
V Ponce OE exports less to other regions as they become more self-sufficient with increased DER

Less reliance on 
southern generation

Net supply
regions (exports)

Net demand 
regions (imports)



PREPA providedmodelsfor 7 feeders, wecreatedmodelsfor 89% of feeders

ÅEE Plus used  GIS data provided by 
PREPA to prepare OpenDSSmodels of 
the distribution substations and feeders.

ÅEE Plus modeled a total of 987 Feeders, 
28,954 line miles representing 
approximately 89%.

ÅThe study includes Vieques and Culebra.
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Distributionsystemanalysis

OpenDSSςis an Open-Source distribution modeling tool developed by 
Electric PowerResearchInstitute (EPRI).



ÅEachdistribution line modeled
wasstudiedup to the
correspondingtransformers. 

o PV systemsconnectedto existing
Transformers in multiplesof 2.7 
kW consistentwith resilient
homes. 

ÅDemandin eachfeederwas
coordinatedwith transmission
modeling.
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Distributionsystemanalysiscoordinatedwith
transmission

Exampleof distributionline and substation

Improvementswere identifedas well as voltageand overheatingproblems
and solutionsfor these. 



ÅMitigation of both thermal & voltage violations are based on:
ÅUpgrading existing facilities to meet the needs / requirements of the 75% scenario
ÅPerform line upgrades.

ÅIdentify potential transformer loading issues.

ÅLine upgrades are based on:
ÅIf conductor size increase is no more 2 conductor sizes ςreconductor

ÅIf conductor size increase is greater than 2 conductor sizes ςrebuild

ÅTransformer issues / upgrades
ÅIf transformer reverse power overloads are less than 125% for no more than 500 hours 

annually ςno upgrade

ÅPower flows greater than 125% of their rating or for more than 500 hours annually - replace

13

Improvementsat distributionto reach75% DER



ÅWhile there are several reverse power flow, 
voltage and thermal violations associated 
with the development scenarios, in general:

o The distributed nature of the deployment 
limits these violations to lower than 
anticipated levels.

o Associated mitigation costs are generally 
limited to rebuilding / reconductoring of 
existing lines (~15%), with modest 
substation transformer upgrades (~4%).
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EncouragingResults: DistributionSystemAnalysis
Distribution systemcan support high renewablepenetration levelswith
modestupgrades

75% scenario upgrades



EncouragingResults: DistributionSystemAnalysis
ÅPrevious experiences with high penetration renewables 

were based on large-scale projects and have required 

significant investments in infrastructure improvements. 

This is not the case here, because:

o The strategy pursued by QueremosSol of locating systems on 

roofs and storage behind the meter (in residences) minimizes 

the use of the distribution system and therefore the need for 

improvements.

o The coordinated deployment of PV systems and batteries in 

which PV systems charge batteries at peak hours minimizes 

voltage shocks.

o The use of individual small systems that shift local demand, 

instead of exporting to the grid, mitigates overheating of lines 

and transformers.
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PV and BESS Costs

Å2020 costsreflect actual prices
obtainedfrom quotesin Puerto Rico. 

ÅApplied ATB cost decline curves to 
produce forward trajectory. 

ÅA more aggressivescenariowasalso
modeled. 
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System costs --2035

ÅIncludes operational costs (fuel, maintenance), 

distribution system improvements and annual cost for 

financing PV and BESS at 6.5%. 

Åά.ŀǎŜ /ŀǎŜέ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ŎŀǇƛǘŀƭ ƛƴǾŜǎǘƳŜƴǘ ŦƻǊ ƴŜǿ 

generation.

ÅEven given this the 75% DER scenario is ~ $500 million 

ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ά.ŀǎŜ /ŀǎŜέΦ

ÅDistributed generation scenarios require capital 

investment: 

ÅOpportunity to use federal funds to lower costs and 

considerably improve resiliency conditions. 
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No capital 
investment 

for new 
generation

100% 
resilient 
homes



ÅFinal scenario 75% includes $9.65 
billion in federal funds

Å$9 billion for solar and batteries and    
$650 million in improvements to the 
distribution system.

ÅFEMA 404 and 428, HUD funds.

ÅScenarios reflect the average cost of 
the system. 

ÅNo specific ratemaking proposal is 
assumed.
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VDoes not include debt payments or other payments such as 
pensions.

System costs --2035
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Total Capital Spending
15,907

4,668

7,450

10,283
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www.cambiopr.org 3/26/2021

Main conclusions
ÅFEASIBLE 

ÅA high penetration of renewable energy (rooftop solar and storage) is feasible with modest 
improvements to the distribution system.

ÅRESILIENT

ÅEquipping 1 million homes with rooftop solar and battery backup can provide 2,700 MW of power to 
Puerto Rico's grid, which is complemented by commercial renewable generation to achieve 75% 
renewable energy penetration. In 15 years resiliency conditions could be dramatically different.

ÅNO NEW FOSSIL FUEL INVESTMENT

ÅThe study demonstrates there is no need for new fossil fuel plants or for conversion of existing plants.

ÅFOSSIL FUEL PHASE OUT 

ÅUnder the 75% scenario, the vast majority of PREPA's current generation fleet would no longer be used, 
including the AES coal plant, which can be shut down in the next 4 years.*

ÅREDUCE DEPENDENCY ON TRANSMISSION 

ÅThus, reducing a recognized vulnerability.

20*Retirement of AES modeled follows substitution of its generation capacity with roof-top solar and PV. However, Queremos
{ƻƭΩǎ ŘŜƳŀƴŘ ŦƻǊ ƛƳƳŜŘƛŀǘŜ ǊŜǘƛǊŜƳŜƴǘ ƻŦ !9{ Ŏŀƴ ŀƭǎƻ ōŜ ŀǘǘŀƛƴŜŘ ǘƘǊƻǳƎƘ ƻǘƘŜǊ ƻǇŜǊŀǘƛƻƴŀƭ ƳƻŘƛŦƛŎŀǘƛƻƴǎΦ
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Main conclusions
Å70% REDUCTION OF CO2 EMMISSIONS (75% scenario)

ÅSignificant progress improving environmental and health conditions for communities.

ÅPositions Puerto Rico at the forefrontτaddressing climate change with urgency.

Å75% SCENARIO LESS EXPENSIVE THAN CURRENT GRID

ÅReduce imported fossil fuel costs by nearly $600 million each year relative to the current generation 
system.

ÅPREPA can purchase the equipment and install with employees, supplementing with local contractors.

ÅSYSTEMS COSTS <= 20 CENTS/KWH
ÅPuerto Rico's future electricity rates face significant uncertainty. Excluding debt, the 50% and 75% 

distributed power scenarios result in system costs equal to or less than 20 cents/kWh.

ÅSYSTEMS COSTS <= 15 CENTS/KWH, IF FEDERAL FUNDS USED
Å$9.65 billion in federal funds available to achieve the 75% scenario.

ÅPOSITIVE IMPACT ON PEOPLE AND ECONOMY
ÅVolatility in rates due to fluctuations in the fossil fuel market is reduced.
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Benefits
ÅThe study provides new and useful 

information to guide the radical 
transformation of Puerto Rico's energy model 
and the use of federal funds.

ÅThe results show that this transformation is 
viable, reliable and cost-effective for citizens, 
the economy and PREPA itself.

ÅThis model ensures that lower-income 
communities share in the benefits of 
renewable energy with rooftop solar and 
storage ... and that no one is left behind.
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The alternative modeled is in line with the federal government's 
climate, energy and economic plan.


